I. Introduction
Transverse and longitudinal instabilities for a bunched PEP beam with a Gaussian distribution are treated using the standard techniquel in which instability problems are solved by looking for eigenvalues of the linearized Vlasov equation. The eigen solutions are conveniently expanded in terms of the Laquerre polynomials, and the eigenvalues are given by a symmetric matrix whose elements can be expressed in infinite series.
We will follow the well-known formalism1 to obtain the matrix formula, and then apply it numerically to PEP ring to estimate the transverse coherent tune shifts. The impedance used is that estimated for the PEP RF cavities. The agreement with experimental data seems reasonable with relatively large margins.
II. Analysis (A) Transverse Case
We use the following coordinates to describe the motion of a particle: x (4) Note that the weight function defined here is the reciprocal of Sacherer' 
and Inm) is defined in Eqs. (10) 
where a= a[2 cp + vm (i/a) and (n +2)1 is understood to be (n + ) (n -) ... ½.
Series' (10) and (11) converge rapidly for parameters that concern us. Particularly, for m= 0 case (the 'rigid' mode), the summation can be worked out,
we have:
Having these matrix elements calculated, the coherent tune shift and growth rate are given by the eigenvalues of the matrix iH(m). The real part gives coherent tune shift while the imaginary part gives growth rate (damping rate if negative).
The mode number m specifies "azimuthal" distribution of the perturbation, as indicated by Eq. (2). In our treatment we assume the mode frequency shifts are smaller than the synchrotron frequency, and therefore we can ignore the coupling among different azimuthal modes. This assumption restricts our calculation to be valid for relatively weak 
